Charolais-sired calves from three groups of beef cows, similar in growth potential and mature size but different in genetic potential for milk production (5.6, 7.7, 9.0 kg/d; low, medium, and high, respectively), were allotted to two beef production systems each year for 3 yr. At weaning, calves in an intensive (Int) system went directly into the feedlot for finishing (236 d); calves in an extensive e t ) system were wintered on corn residues (195 d), grazed pasture (115 d) and then were finished (122 d). Postweaning effects of increased weaning weight due to increased level of milk were small and not affected by growingfinishing system. Only the steer calves from the low milk-producing cows showed evidence (P c .Ol) of compensatory growth postweaning in mponse to reduced levels of milk during the suckling phase. Cattle from the Ext system were heavier (P < .Ol) before (388 vs 233 kg) and after (595 vs 531 kg) the finishing phase than Int system cattle. During finishing, cattle from the Ext system made more rapid gains (1. 70 Holmes et al. (1968) concluded that level of dam's milk is highly related (r = .5 to .8) to calf growth during the suckling period However, important questions remain: l ) How does increased weaning weight interact with postweaning growth rate? and 2) How much of the added weight from increased milk is maintained until slaughter?
Accepted October 24,1989. No. 8829 ing preweaning growth. Knapp and Black (1941) , Lampkin and Lampkin (1960) and Holmes et al. (1968) concluded that level of dam's milk is highly related (r = .5 to .8) to calf growth during the suckling period However, important questions remain: l ) How does increased weaning weight interact with postweaning growth rate? and 2) How much of the added weight from increased milk is maintained until slaughter?
Many of the large, later-maturing breeds produce calves of sufficient size and growth rate to be finished immediately after weaning and meet acceptable market standards. Although some researchers (Reid et al., 1968; Winter et al., 1976) have concluded that body composition is dependent on weight and is not related to nutritional history, others suggest that fat content at slaughter is related directly to nutritional history (Elsley et al., 1964; Lohman, 1971; Black, 1974; Turgeon, 1984) . The purpose of this research was 1) to study the interaction of increased weaning weight due to increased milk with postweaning growth rate and 2) to compare growth of cattle finished immediately after weaning to those grown through an extensive, high-forage growing system.
Materials and Methods
Cows. Angus cows were mated to Hereford, Red Poll or Milking Shorthorn bulls to produce crossbred cows of similar mature size but differing in milking ability -low (L), medium (M) and high (H). procedures used to develop these cows and evaluate their milking ability have been reported earlier (Clutter and Nielsen, 1987) and their milk production estimates were utilized in this study (5.6, 7.7 and 9.0 kg/d for the L, M and H groups, respectively) as adjusted for age of dam. These crossbred cows were mated to Charolais bulls to enhance the evaluation of milk production differences to be expressed in the calves.
Production Systems. Calves were born in the spring and weaned in the fall at an average age of 187 d. At weaning, calves from these 136 crossbred cows were allotted randomly within breed groups to two growing-finishing systems each year for 3 yr. We evaluated an intensive system (Int), in which calves were placed directly into the feedlot after weaning for finishing on a high grain diet, and an extensive system (Ext), in which calves were grown on high forage diets prior to grain finishing. Initially, all calves were fed corn silage in drylot together for 30 d to adjust to Intensive System. After adjustment to weaning, calves from each milk group were divided into two pens of 9 to 13 hd each (depending on the number within a breed group each year), based on sex. Cattle were adjusted to their final diet by feeding diets consisting of 70 (7 d), 52 (7 d) and 32% (7 d) corn silage, DM basis. The final diet (Table 1) was fed for an additional 185 d and was balanced to contain 11.5% CP, .70% Ca, .35% P, .60% K, 27 mg/ kg monensin and 11 mg/kg tylosin (DM basis).
Extensive System. After the adjustment to weaning, calves grazed corn stalks (59 d) as one group and received protein supplement (454 g h d -k -' ; Table 2 ). They then were divided into breed groups as described for the Int system and fed 6 kg/d husklage (Table 3) in the feedlot (106 d). Husklage is an ensiled corn residue that is the forage part of the corn plant that is removed from the stalk by a snapper head and passes through the combine during grain harvest. The weaning adjustment period, corn stalk grazing period and husklage feeding period are collectively referred to as the wintering phase. In the spring, cattle grazed (115 d) cool-season (Bromus inermis) pastures followed by warm-season pastures as one group and then returned to the feedlot, where they were divided into their respective groups and were finished (122 d) with the same diets and step-up procedures as those used for the Int system cattle. weaning. 
mix.
Three hundred ninety-four cattle completed the experiment out of a possible 408. The number of animals within a pen varied (9 to 13 head) due to differences in number of steers and heifers within each production system. Animals. Cattle in the feedlot were fed once daily and water was available ad libitum. Weights were taken at biah, weaning and at approximately 28-d intervals thereafter. Weights between the wintering and pasture phases and between the pasture and finishing phases were an average of two consecutive weights in the feedlot. Final weights were calculated from carcass weights based on a 62% dressing percentage. Cattle in the Int system were implanted after the weaning adjustment period. Cattle in the f i t system were implanted at the onset of the grazing phase. During yr 1 and 3, implants contained 24 mg estradiol 17-p. During yr 2, implants contained 20 mg estradiol benzoate and 200 mg progesterone for steer calves and 20 mg estradiol benzoate and 200 mg testosterone for the heifers. New implants were administered at 18O-d intervals during yr 1 and 3 and at 90-d intervals during yr 2. All animals were slaughtered when it was estimated, by visual appraisal that the majority would grade Choice.
Statistical Analysis. The effect of level of dam's milk on pre-and postweaning growth was evaluated using individual animal regressions within breed and sex classes. Milk pduction estimates were from Clutter and Nielsen (1987) . Data for the production systems were analyzed as a 2 x 3 factorial arrangement of six treatments in a completely random design using least squares ANOVA (SAS, 1982) . Cattle were grouped into pens based on milk group and sex. Pen-within-year was the experimental unit. No milk group x sex interaction occurred; thus, the data for both sexes were pooled. The model included the effects of system, milk group and their interaction. Preliminary analysis showed no interactions with year, so it was not included in the model. The effects of milk level were compared in the model in both production systems using linear and quadratic contrasts.
Results and Discussion
Increased Milk. As level of dam's milk increased, preweaning gain for the 187d periad was increased (P < .01) 27 g per kg of added milk (total kg1187d lactation); however, the response per unit of milk decreased as milk level increased. Within each milk group, a linear relationship existed between level of dam's milk and weaning weight (averaged over sex); however, the importance of the dam's milk in increasing weaning weight was greatest for the calves from L (AngusHereford) cows and least for the calves from the H (Angus-Milking Shorthorn) cows (Figure 1) . The overall correlation of milk to weaning gain was .37 but varied from 0 to .51 ( Table 4) .
Correlations of calf growth rate to dam's milking ability range from .5 to .8 W a p p and Black, 1941; Lampkin and Lampkin, 1960; Holmes et al., 1968) . Although the correlations reported here are somewhat lower, they relate to the entire preweaning period. Generally, milk is considered to be most important early in We, especially with limited access to creep feed or high-quality pasture. Clutter and Nielsen (1987) reported that the correlation between level of dam's milk and calf gain declined from .6 early (50 d) to .2 later (158 d) in the lactation period. Additionally, estimates of the dam's milking ability used in this study were made prior to this study and, even though they were adjusted for age of dam effects, they may not reflect milking ability precisely.
No growing system x milk group interaction was observed for postweaning growth. However, when the effect of level of milk within a milk group was analyzed by r e p ssion, reduced postweaning growth rate due to of added dam's milk (total kgjl87-d lactation), an amount sufficient to compensate completely for reduced preweaning growth due to lower milk consumption. Calves in the group that received less milk gained more rapidly after weaning. This occurred during the pasture grazing phase for Ext system cattle and during the finishing phase for Int system cattle. No (P > .5) postweaning effects of level of milk were observed for any of the other milk x sex groups, which suggests that other groups had not been nutritionally restricted during the preweaning phase. These data agree partially with those of Wang et al. (1985) , who suggested that even though increased milk increased weaning weight, it did not affect postweaning growth.
Although calves were 16.6 kg (P < .01)
heavier from H cows than from L cows at weaning (TabIe 5). their advantage was only 8.78 kg at slaughter (nonsignificant difference). Compared to calves from the H cows, those from M cows were 9.0 kg lighter at weaning and 13.3 kg lighter at slaughter. We interpret these data to suggest that calves from the L milking cows were nutritionally restricted prior to weaning but compensated after
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-/ I I I the restriction was removed, whereas those from the M and H groups were not nutritionally restricted relative to their genetic growth potential. Interpretation of these data is encumbered, however, by the fact that inherent genetic differences in breed groups were confounded with milk level. Further, the differences that existed in weaning weight were relatively small.
No differences (P > .5) among milk production groups were observed in wintering performance. Calves from L cows tended (P = .18) to gain faster (.62, .53 and .56 kg/a L, M and H, respectively) while grazing pasture in response to their reduced preweaning growth rate. No differences were observed due to milk production group in ADG during finishing or in final weight, regardless of growing-finishing system; however, ADG was higher numerically for L calves finished through the Int system. Holloway and Butts (1983) observed that calves that were fatter at weaning grew more rapidly during winter and on summer pasture but slower in the feedlot. Assuming that extra weaning weight reflects increased fat, our data are similar with the exception that we observed no difference in gain during the winter.
As dam milk level increased, a linear (P e .05) increase in daily feed intake and a decrease in feed efficiency occurred during the finishing phase (Table 6 ). This may have been due to an increased maintenance requirement for calves from higher milk-producing dams. Ferrell and Jenkins (1985) concluded that maintenance requirements are related positively to genetic potential for milk production. No differences due to milk level were observed for any carcass traits. Production Systems. Rate of gain through the growing phase of the Ext system averaged 459 g/d for the 195-d wintering period from weaning until summer grazing and 571 g/d for the 115 d on summer pasture. Initial weight into the feedlot was increased from the average weaning weight of 233 kg to 388 kg by growing cattle on forage diets (Table 5) . During fiishing (Table 6 ), daily gain (1.70 vs 1.30 kg/d) and daily feed intake (12.4 vs 8.53 kg/d) were higher (P < .Cn) and g d f e e d (.I37 vs 3 2 ) was lower (P e .02) for cattle finished through the Ext system. Daily feed intake as a percentage of average B W also was higher (P < .02) for cattle in the Ext system (2.52 vs 2.21, Ext vs Int).
Cattle from the Ext system exhibited compensatory growth relative to the Int system. Increased feed intake is a primary determinant of compensatory growth (Wilson and Osbourn, 1960; Allden, 1970; O'Donovan, 1984) . Saubidet and Verde (1976) concluded that feed intake is related more to age than to weight. Cattle from the Eht system were 310 d older and were larger framed relative to their weight at the onset of the finishing phase; therefore, they consumed more feed and gained faster than the cattle from the Int %eam of six pens (two sexes over 3 yr). bIntensive = finished immediately after weaning, Extensive = fed forages prior to finishing.
%inear effect of millr level (P < .MI.
%xtensive vs Intensive (P e .01).
= low milking group. M = d u m milking group, H = high milkiog group, Avg = average of system. BgWT = body weight. kiver score: 0 = healthy liver; 1 = one or two small abscesses; 2 = two to four active abscesses; 3 = one or more large kidney, pelvic and heart fat. b w choice = 7.17; average choice = 7.5. system. However, the increased efficiency of feed utilization often associated with compensatory growth (Winchester and Howe, 1955) was not evident in this experiment. This most likely was because of the larger size and increased age of the Ext system cattle during finishing.
Carcass Characteristics. Cattle from the Int system had higher (P < .02) levels of subcutaneous (1.07 vs .91 cm) and kidney, pelvic plus heart (2.54 vs 2.31%) fat than did cattle from the Ekt system, indicating that they were fatter (Table 6) . However, quality grade was similar. The other primary carcass traits differing between the two systems were carcass weight and rib eye area, which reflected differences in final weights. Fox et al. (1972) compared restricted-fed Hereford steers to nonrestricted controls and concluded that, at 341 kg final empty BW, the restricted-fed group had less body fat than the nonrestricted group, but when both groups were fed to 454 kg empty BW, there was no difference in fat content. They concluded that compensating cattle have a higher percentage of their gain as protein early and a higher percentage as fat later in the realimentation perid Therefore, if compensatory growth experiments are terminated early in the realimentation period, restricted-fed animals have a higher percentage of lean relative to nonrestricted controls; however, if the animals are fed for a long enough period of time, a p i n t of equal weight and body composition is reached. In our experiment, we intended to slaughter all animals at a constant compositional end-point. At slaughter, cattle from the Ekt system were larger (P < .01; 596 vs 518 kg, Table 5 ) but had less body fat than those finished immediately after weaning; therefore, they would have been even larger than cattle from the Int system at equal levels of body fat. Meyer et al. (1965) , Byers (1980) and Turgeon (1984) presented data suggesting that cattle grown through extensive systems were larger at slaughter than were continuously fed controls.
The cattle had equal marbling and quality grades across breed and production systems. This suggests that degree of finish (fat thiclmess) is more important than age in determining marbling and quality grade.
Body Size. One underlying problem with this type of research is that different cattle types may fit ideally into the different systems. Animals such as the Charolaiscross cattle used in this experiment are best suited to the Int system because when they were grown through the extensive system they become too large for acceptable market specifications. Similarly, smaller-framed cattle, finished through intensive systems, unless limit-fed, may reach desired levels of finish below desired carcass weights. Thus, economic factors relating to carcass weight interact with the animals genetic ability to grow.
Concluslons
Extensive systems that utilize forage during the growing phase are considered more feasible when grain prices are high. In this experiment, even though the Ext system cattle required only half as much feedlot time on high-grain diets to fiiish as cattle from the Int system, they required 80% as much feed. Therefore, grain prices have a smaller impact on the total system than previously believed.
A large portion of the costs of the total beef production system are incurred raising the weaned calf (Gregory, 1972) . The greatest advantage of extensive systems is that slaughter weight is increased, so there is more total product to offset the cost of raising the weaned calf.
lmpllcations
Acceptable market cattle can be prcduced by feeding grain to calves after weaning or by using a large amount of forage followed by grain finishing. Cattle grown on forages prior to fishing reach market condition at heavier weights than those given freechoice access to feed directly after weaning. Extra weight produced per cow is the greatest advantage of an extensive forage system.
